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Abstract
The relevance of microorganisms in preterm birth is still under
discussion. Using a diagnostic ﬂuorescence in situ hybridization
probe panel, we visualized Staphylococcus aureus and Streptococcus
mitis group in two cases of acute chorioamnionitis. This technique
provides spatial resolution and quantity of bacteria, clarifying the
epidemiology and pathogenic pathways of acute chorioamnionitis.
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Preterm birth occurs in 8–13% of pregnancies, and the rate is
increasing. The most important causes of preterm labour and
premature rupture of the membranes (PROM) are intrauterine
inﬂammatory processes and infections [1]. However, the
microbial species found in the amniotic cavity are diverse, and
their pathogenic importance remains unclear. Molecular tech-
niques are increasingly being used to identify microorganisms
in acute chorioamnionitis, and have revealed polymicrobial
processes and numerous species, including fastidious and as
yet uncultivated microorganisms [2–4]. Still, bacteria were also
detected in fetal membranes after primary caesarean section at
term [5]. The data need careful interpretation, because
ampliﬁcation-based techniques do not provide information
on the proportions of the bacterial species and are prone to
contamination, especially for samples obtained after vaginal
delivery. Fluorescence in situ hybridization (FISH) is a molec-
ular technique that provides identiﬁcation and visualization of
bacteria in situ. It has been successfully applied to chorioamn-
iotic membranes by the use of pan-bacterial probes or a
Fusobacterium nucleatum-speciﬁc probe [5–7]. However, a
systematic combination of FISH probes has not yet been
applied to fetal membranes in a diagnostic context. This
approach might help to verify ampliﬁcation-based results and
to identify the predominant species or to prove polymicrobial
infection.
We started a pilot study to evaluate diagnostic FISH in
combination with culture and ampliﬁcation-based techniques
to detect microorganisms in acute chorioamnionitis. Here. we
present the ﬁrst results, involving two cases, to discuss the
possible beneﬁts of in situ detection.
Two patients (cases I and II) were admitted to hospital
because of PROM at 25–27 weeks of gestation. Vaginal swabs
were taken at admission. Clinical evidence for acute chorio-
amnionitis appeared between 26 and 30 weeks of gestation.
The babies were delivered by caesarean section. The study
was approved by the ethical committee of Charite University
Hospital.
To minimize the risk of contamination, samples were
collected intraoperatively. Five samples were taken in each
case from fetal membranes, placental tissue, and the umbilical
cord. Sample preparation and FISH were performed as
described previously [8]. In parallel, swabs were obtained for
routine microbiological work-up. This included cultivation with
sheep blood agar, MacConkey agar, chocolate agar, Sabouraud
dextrose agar, and a thioglycolate broth. Both aerobic and
anaerobic cultivation was performed.
A panel of 16S rRNA-directed FISH probes was applied,
covering microorganisms that are frequently detected in fetal
membranes. Sections were ﬁrst screened for microorganisms
with the pan-bacterial probe EUB338 in combination with the
probe NONEUB (NON338) to verify positive signals and
exclude unspeciﬁc probe binding [9]. Subsequently, speciﬁc
FISH probes were used to identify the bacteria (Table 1) [8,13].
DNA from consecutive tissue sections was obtained, and
part of the 16S rRNA gene was ampliﬁed and sequenced as
described previously [18]. The sequences obtained were
compared with currently available data from the EMBL/
GenBank databases.
In case I, Staphylococcus aureus was isolated with routine
culture methods from vaginal swabs at admission and from
ª2014 The Authors
Clinical Microbiology and Infection ª2014 European Society of Clinical Microbiology and Infectious Diseases
RESEARCH NOTE INFECTIOUS DISEASE
intraoperative swabs from placenta and fetal membranes at the
time of caesarean section, 8 days later. Both strains showed
the same antibiotic resistance pattern and were sensitive to
cefuroxime, which was chosen for empirical antibiotic therapy.
The Gram stain of intraoperative swabs showed detritus and
erythrocytes without evidence of microorganisms. FISH
detected clusters of cocci within the placental tissue and the
fetal membranes. The microorganisms were successfully iden-
tiﬁed by FISH as S. aureus (Fig. 1a). After broad-range PCR
ampliﬁcation, the sequence obtained showed the highest
homology with S. aureus (99.9% over 454 bp).
Interestingly, although the patient has been treated with
adequate antibiotic therapy since hospitalization, she devel-
oped acute chorioamnionitis 8 days after the start of treat-
ment. The question arose of whether another microorganism
or polymicrobial infection was involved. However, FISH
conﬁrmed the ﬁndings of culture and broad-range PCR
ampliﬁcation. It revealed a homogeneous population of
S. aureus cocci without evidence of another bacterial species
detected by the pan-bacterial probe EUB338, making an
additional aetiological agent unlikely.
In case II, the normal vaginal microﬂora was cultured from
vaginal swabs with routine methods. According to routine
diagnostic guidelines, further species differentiation was not
performed, as there was no evidence of potentially pathogenic
species. Streptococci from Streptococcus mitis/Streptococcus
oralis group were isolated from intraoperative swabs from
placenta and fetal membranes with routine culture methods.
Gram stain of intraoperative swabs detected Gram-positive
cocci in chains scattered between debris and erythrocytes. FISH
analysis revealed cocci in the fetal membranes. The cocci were
identiﬁed as members of Streptococcus mitis/Streptococcus pneu-
monia group (Fig. 1b). Again, there was no evidence of a second
bacterial population or a mixed infection. Broad-range PCR
ampliﬁcation and sequencing showed the highest homology
with Streptococcus mitis group (99.4% over 503 bp).
In this case, the clinical course of the chorioamnionitis was
fulminant, with sudden onset of maternal fever and fetal
tachycardia. This led to the idea that the causative aetiological
agent was transmitted haematogenously through the placenta.
Streptococcus mitis/Streptococcus oralis group is a typical member
of the oral and gastrointestinal microbiota that can cause both
haematogenous infection and ascending infection. However, in
the samples investigated with FISH, streptococci could only be
visualized in the superﬁcial layers of the fetal membranes, and
were absent within the placental tissue. This ﬁnding corre-
sponds to the histological results, which showed evidence of
ascending infection. In this case, FISH contributed information
regarding the pathogenic pathway of acute chorioamnionitis.
These two cases demonstrate the potential of FISH to
conﬁrm results obtained with culture and PCR techniques. As
ampliﬁcation-based methods cannot be regarded as routine,
FISH could be a useful diagnostic tool for detecting bacteria
also in culture-negative cases [8].
In a similar context, FISH could also be advantageous when
routine methods result in questionable data suggesting con-
tamination. However, the sensitivity of FISH as a microscopic
method has to be taken into account. Furthermore, the probe
panel needs to be enlarged, and the detection of small or
intracellular microorganisms such as Ureaplasma species or
Chlamydia species with FISH remains challenging. In cases of
polymicrobial infection, the broad-range PCR approach used in
this study would provide inconclusive results. In these cases, a
series of different speciﬁc PCR assays or the emerging
microbiome analyses might be able to identify the species
involved in the future. Again, FISH could identify the more
abundant or invasive key species in mixed infections.
Recalcitrance to antibiotic treatment despite the demon-
strated susceptibility of planktonic bacteria is one of the
characteristics of bioﬁlm-associated infections [19]. A single
case showed bioﬁlm structures in ‘amniotic ﬂuid sludge’ by the
use of FISH and other techniques [20]. In another study,
polymicrobial endometrial bioﬁlm in patients with bacterial
vaginosis was visualized with FISH and correlated with adverse
pregnancy outcomes [21]. Fetal membranes or placental tissue
have not yet been analysed regarding bioﬁlm colonization. In
case I, clusters of staphylococci were visualized in placental
TABLE 1. Overview of the 16S rRNA-directed ﬂuorescence
in situ hybridization probe panel applied to chorioamniotic
membranes
Probe Target species Reference
EUB338 Most bacteria Amann et al. [10]
NONEUB None Wallner et al. [9]
STAPHY Staphylococcus species Trebesius et al. [11]












Gescher et al. [13]
ENCO Enterococcus species
except E. faecalis




Jansen et al. [14]
FUNU Fusobacterium nucleatum,
F. periodonticum,
F. naviforme, F. canfelinum
Sunde et al. [15]
BAC303 Most Bacteroidaceae and
Prevotellaceae, some
Porphyromonadaceae




Zijnge et al. [17]
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tissue and fetal membranes, suggesting an impact of bioﬁlm
factors on the course of disease. Investigating the the
formation of bioﬁlms by the use of FISH in acute chorioam-
nionitis, PROM and premature labour could offer new insights
into their aetiology.
This study visualized and identiﬁedmicroorganisms by FISH in
fetal membranes in two cases of acute chorioamnionitis. FISH
provided unambiguous evidence regarding the infection, identity
and predominance of the bacteria. The results contributed to
unravelling the respective pathogenic pathways. A comprehen-
sive study combining culture, FISH and other molecular
techniques could provide new information about the epidemi-
ology, pathogenic pathways and the role of bioﬁlm formation in
chorioamnionitis and preterm birth.
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(a) (b)
FIG. 1. Visualization of Staphylococcus aureus (case I) and Streptococcus mitis/Streptococcus oralis group (case II) in fetal membranes. (a) Top:
overview. Bottom: higher magniﬁcation of the inset. Bacterial cells were hybridized simultaneously with the probes STAPHYFITC (green), which is
speciﬁc for Staphylococcus species, SAUCy3 (orange), which is speciﬁc for S. aureus, and NONEUBCy5 (magenta) to test for non-speciﬁc probe binding,
and stained with the unspeciﬁc nucleic acid stain 4′,6-diamidino-2-phenylindole (DAPI) (blue). Bacteria are shown scattered within the tissue of the
fetal membranes. All bacteria present are positive both for the Staphyloccus-speciﬁc probe and the S. aureus-speciﬁc probe, thus identifying the
microorganisms as S. aureus in situ. No other bacteria were present in the tissue investigated with ﬂuorescence in situ hybridization, making an
additional aetiological agent unlikely. Differences in ribosome content lead to variable intensity of ﬂuorescent signals. Erythrocytes show a strong
autoﬂuorescent signal with all probes. For details, see the single channels in Fig. S1A. (b) Top: overview. (b) Bottom: higher magniﬁcation of the inset.
Bacterial cells were hybridized simultaneously with the probe EUB338FITC (green), which is speciﬁc for most bacteria, the Streptococcus mitis/
Streptococcus oralis group-speciﬁc probe STREP1/2Cy3 (orange), and the nonsense probe NONEUBCy5 (magenta) to test for unspeciﬁc probe binding
(no signals detected). Nucleic acids were non-speciﬁcally stained with the ﬂuorochrome DAPI (blue). Single Streptococcus mitis/Streptococcus oralis
group cells are shown scattered in the superﬁcial tissue layers of the fetal membranes. Erythrocytes show a strong autoﬂuorescent signal with all
probes. For details, see the single channels in Fig. S1B.
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